AIR FORCE INST OF TECH WRIGHT-PATTERSON AFB OH SCHOO~=ETC F/6 15/5
OPTIMIZATION OF MUNITIONS STORAGE.(U)
DEC 79 B A BO66Se L M GUSMUS
UNCLASSIFIED AFIT/6SM/SM/790-15




e

l warious o

I
2

-
——
e——————
—
———
—

==
@ N
oo

e
3
v

MICROCOPY RESOLUTION TEST

FRFEEERE
EEE
= =
I
o

I
et e

=,
N i
gl N

ll=

CHART

l




1
v
¢

L ¥

La.
=
[ 7]

ADAO837GS8

-
Y,
i

t

Y

AFIT/GSM/SM/79D-15

/ /O_PTIMIZATION OF MUNITIONS STORAGE ,

VR THESIS
i
/ ( + Barton A./Boggs Louis M. Gusmus .
Capt USAF Capt USAF

LN i
: 'L}] AFIT/GSM/SM/79D—15!{

Approved for public release; distribution unlimited.

L

o A ot s Y g, . S YL,

-




AFIT/GSM/SM/79D-15

OPTIMIZATION OF MUNITIONS

STORAGE

‘ THESIS

Presented to the faculty of the School of Engineering
of the Air Force Institute of Technology
Alr University
In Partial Fulfillment of the
Requirements for the Degree of

Master of Science

by
s Barton A. Boggs Louis M. Gusmus
Capt USAF Capt USAF
3
Graduate Systems Management Graduate Operations Research

December 1979

\ Approved for Public release; distribution unlimited.




Preface

This research effort was initiated as an outgrowth of a statement
of need by the Air Staff for a computerized method for determining
optimum storage of munitions. The model developed in this paper is
capable of examining different objective functions for optimizing
munitions storage. One objective function defined using storage load
factors is examined in this paper. Solutions are computed for optimal
storage such that volume, net explosive weight, and compatibility
constraints are satisfied for each storage building and munition.

The main body of the thesis 1is complemented by the Munitions
Storage Optimizing System (MSOS) User’s Manual, Appendix A, which is
written to be a “stand-alone" document. It provides detailed
instruction and examples for the system described in this thesis. It is
designed to provide the basic 1nstructions needed to use the system
developed here for optimizing munitions storage.

We hope that munitions planners will find this model to be wuseful;
however, should it serve only as a solid starting point for future
research efforts, we feel that our effort will have been worth while.

Our thanks go to LtC Frank Eubank, HQ USAF/LEYWC, and Maj Ray
Shulstad, HQ USAF/XOFM, who helped to 1initiate this research by
providing our initial indoctrination into the nature of the munitions
storage problem. In addition, they provided some useful background
documentation and helped us to establish some key points of contact for
developing the research. We thank Mr Arlie Adams, HQ AFLC/IGYW, and LtC

Sy Grimshaw, HQ AFLC/LOWM for their time and patience in answering

i1




questions and for providing some munitions technical information. We
also wish to thank Mr Ira Saxton and Msgt Paul Crinter for sharing their
expertise with the CREATE Honeywell computer system. Particular credit
must be given to our Thesis Advisor, Col Charles R. Margenthaler, and to
LtC John  Hobbs, our Thesis Team Member, for their guidance,
encouragement, and constructive criticism throughout the development and

writing of this thesis.

Barton A. Boggs

Louis M. Gusmus
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Abstract

This research is an effort to quantify the problem of how to store
as much as possible of a required munitions inventory in the buildings
of any given munitions storage area. The problem is addressed 1in this
paper by the formulation of a mixed integer linear programming model
that will calculate optimal storage subject to a complex set of
constraints.

The Munitions Storage Optimization System (MSOS) provides a
capability for setting up munition storage inventory linear programming
problems. MSOS allows the user to create data bases containing the
required information for the munition items and storage
buildings. Munitions inventory is entered by stock number, number of
lots, and number of packages for each lot. A program extracts the
necessary information from the data bases, formulates the objective
function and constraint equations, then submits the problem to a mixed

integer linear programming package for solution.
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Glossary

Building Density Factor--The maximum net explosive weight (NEW) for each
class of munition that may be stored in a building divided by the
useable building volume.

Building Load Coefficient-~The building density factor divided by the
the munition density factor.

Class/Division/Category--Class refers to the UN class of dangerous
goods, i.e., Class 1, Explosives; Division refers to the four hazard
divisions of explosives; and Category refers to four categories of
fragment hazards. Class/Division/Category 1is sometimes referred to
simply as "Class."

Compatibility Group--Munitions or explosives are divided into twelve
compatibility groups designated by the letters A - H, J, K, L, and
S. Items are considered compatible if they may be shipped or stored
together without significantly increasing either the probability of a
mishap, or for a given quantity, the magnitude of the effects of a
mishap.

Munition Density Factor--The net explosive weight (NEW) of the munition
package divided by the munition package volume.

Net Explosives Weight (NEW)~-The total quantity, expressed in pounds of
explosive material or high explosives equivalency in each munition
item, to be used when applying quantity-distance standards.

Quantity-Distance (Q-D)=--Quantity of explosives material and distance
separation relationships which provide defined levels of
protection. These relationships are tabulated in a series of Q-D
tables.

Storage Area lLoad Factor--A measure of the overall wunitions storage
efficiency. It is composed of a combination of all the building load
coefficients in the objective function of the optimization model.

vii
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I. Introduction

A major problem facing many Air Force installations is the storage
of large quantities of munitions. Complex and demanding safety
requirements for the protection of personnel and material in the event
of an accidental explosion constrain how and where munitions may be
stored. The need for protection from the elements and for security from
theft or sabotage implies a requirement for indoor storage in properly
designed facilities. Limitations on the quantity of explosives that may
be stored in any one facility plus the requirement for large clear zones
of land around each facility place a significant economic cost on the
storage of munitions (Schreyer, 1970: 1).

Munitions storage 18 a subject that is often overlooked during
times of peace. Upon the 1initiation of hostilities, however, the
survival and fighting capabilities of the armed forces depend on the
existing stockpiles of munitions in storage. Since the construction of
new facilities, both stateside and overseas, is limited by budgetary
constraints and the availability of land, it is vital to overall combat
readiness that the USAF make optimal use of existing munition storage
facilities (Cormier, 1979).

Conventional munition storage allocation methods rely primarily on
charts, diagrams, manual computations, and experience to determine
storage arrangements. This research 418 a first phased effort of
applying the power of the computer to the problem of storing munitions.

A basic premise of this thesis effort 1is that significant
improvements can possibly be realized through optimal or at 1least more

1
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efficient usage of existing storage facilities. Optimization, as used
here, suggests some best allocation of munitions inventory to available
storage volume used. A computerized munitions storage optimizing system
is an attractive alternative to provide the user with the ability to

build quantitative models to examine optimal ways of storing munitions.

Statement of Need

The need is to store a given munitions inventory efficiently in a
limited set of munitions storage buildings without vioclating the
quantity distance (Q-D) and compatibility group restrictions. The basic
need can be narrowed to consideration of the location, size, and type of
buildings available for storage at any particular storage area and
determining an optimal storage arrangement. More simply, the need is
determining how to efficiently store as much as possible of a required
munitions inventory in the fewest number of storage magazines at a
particular operational base.

The problem undertaken in this thesis, in response to the total
perceived need, resulted 1in the development of the Munitions Storage
Optimizing System (MSOS). MSOS provides for the creation of data bases
to provide descriptive information about individual munition items and
munitions storage buildings. The optimization process is initiated by
entering a munitions inventory in terms of stock number, number of lots,
and number of packages per lot to a program. The program then extracts
needed information from the data bases, and generates the constraints to
the problem and the objective function to be maximized. An optimal
solution to the problem is then computed.

Research Objectives

The following objectives were established as a heirarchy of
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research goals to be persued in this thesis effort.

(1) Demonstrate a general approach for the appiication of mixed
integer linear programming to the problem of optimizing munitions
storage.

(2) Development of a working model for use as a tool by munitions
managers to derive solutions for improved or more efficient storage
allocation of munitions.

(3) Development of a computer-based procedure for formulation of a
munitions storage optimization problem for accomplishment with the
LP/600 mixed integer linear programming routine designed by Honeywell
Information Systems, Inc. This procedure is designed to allow the user
to simply input required storage and munitions data to the optimizing
system. The computer then creates the objective function and
constraints for the problem.

(4) Exploration of a number of alternate munition storage
performance measures. The measure examined in this paper is a storage
area load factor (Farwell,1970: 4). This factor is discussed in Chapter

ITI, The Munitions Storage Optimizing System.

Organization of Thesis

The actual development of the model for the optimization of
munitions storage begins with a discussion of the munitions storage
system. This discussion begins by briefly explaining explosive safety
criteria, then branches out into a description of the United Nations
Classification System, briefly summarizes some of typical storage
facilities currently in use, and concludes by describing some of the
general aspects of storing munitions. Chapter III, The Munitions
Storage Optimizing System, explains the actual mathematical formulation

3
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of the problem, provides some general technical discussion, and outlines
the objectives, scope, and limitations of the model. Several sample
problems are presented in Chapter IV, Model Verification, to verify the
actual performance of the munitions storage model. The writers’ views
on ways to develop more sophisticatéd optimization models are presented
in chapter V, Enhancements to the Model. Chapter VI, Summary,
Conclusions and Recommendations, describes the overall results of this
research effort and compares the heuristic approach used in this paper
with desired real world solutions. The Munitions Storage Optimizing
System User’s Manual (Appendix A) and the Program Documentation
(Appendix B) are of critical inportance in developing a complete
understanding of the work that has been accomplished. These appendices
explain the programs and data bases, and take the reader step by step
through the processes required to use the Munitions Storage Optimizing

System (MSOS).
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II. The Munition Storage System

Munitions storage 1s a highly complex process vecause of the
numerous Q~D and compatibility group constraints and the drive for
indoor storage. These constraints are the result of a concerted effort
to restrict possible 1losses of people, facilities, and inventories in
the unlikely event of an accidental explosion. Present methods for
determining allocations of munitions to storage appear to lend
themselves to computer model applications. This chapter discusses the
literature reviewed during this research effort and summarizes some of

the background material pertaining to the munitions storage system.

Literature Search

The research was conducted primarily through a review of the
literature available at the Air Force Institute of Technology library,
the Defense Documentation Center (DDC), and at the Air Force Logistics
Command explosives safety office. Contacts were made to munitions
managers at several Air Force Major Commands and to the Conventional
Munitions Branch of Headquarters, USAF. These contacts resulted in
expressions of interest in the subject research and helped to confirm
the fact that little has been done in the past to address optimization
of munitions storage through the use of the computer.

Much of the basic material used in this research effort has been

gleaned from Air Force publications such AFR 127-100, Explosives Safety

Standards, and the Alr Force 11A-series munitions technical

orders. Other sources of background material that deserve mention are




the minutes of the Explosives Safety Seminars sponsored biannually by
the Department of Defense Explosives Safety Board (DDESB). These
documents, available in microfiche from DDC, are comprehensive
compilations of reports, studies, and discussions concerning topics that
range from historical developments to the latest results from research
and testing of munitions.

Air Force technical orders, TO 11A-1-61-3 and TO 1lA-1-61-4,
provide information, charts, and drawings for efficient storage of a
number of Federal Stock Numbered munition items. They depict a process
that requires a great deal of manual calculation for determining mixed
storage of munitions. While these documents are probably highly useful
to the munitions manager, they do not provide a systematic method for
optimizing storage when more than one munition item at a time is
considered. |

One of the most useful sources that has had a bearing on the
development of this research is a paper, "The Munitions Storage
Problem,” written by David G. Farwell 1970 at tﬁe University of
Colorado. Farwell describes a linear programming model that can be used
to calculate optimal storage of munitions from a single class and
compatibility group combination (Farwell, 1970: 1-4). One of Farwell’s
recommendations was to develop an expanded model to simultaneously
examine combinations of compatibility groups within the same model
(Parwell,1970:18). The ideas and recommendations in Farwell’s paper
contribute to the foundation of the MSOS model presented here.

A recurrent theme throughout the literature on munitions storage 1is

that safety 1s the driving factor and that the rigid standards for

storage are a result of the high emphasis on maintaining accident-free
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storage areas.

Explosives Safety

Haphazard storage and transportation procedures have occasionally
resulted in explosive disasters. One of the worst was an incident that
occurred at the Naval Ammunition Depot, Lake Demark, New Jersey in
1926. Lightning struck some stored munitions and set off a series of
explosions that destroyed a major portion of the depot and killed a
number of people. One of the magazines at Lake Demark contained about
three times the amount of high explosive permitted in a single storage
location by today’s standards. Thus, when the explosion occurred, the
failure to adequately separate explosives allowed a chain reaction of
explosions to spread from one magazine to another (Fliakas, 1976: 1).

This disaster set in motion a chain of events that resulted in the
establishment by Congress of the Ammunition Storage Board, the beginning
of what now i1s the Department of Defense Explosives Safety Board
(DDESB). As an outgrowth of the investigation of the Lake Demark
disaster, Congress eventually directed the adoption of new Q-D tables
which were designed to regulate proper separation of ammunition supplies
in order to provide a reasonable degree of safety. Congress also
defined ‘safe’ within the context of munitions storage.

As regards to the ‘safety’ of individuals and structures

outside of ammunition depots, the word ‘safety’ is a relative

term. No one is ever absolutely safe from injury. The
average chance of the average individual escaping injury has,

by custom, been termed ‘safe’ (Fliakas 1976: 2).

This definition has generally been held to mean that some specified
hazard distance must be maintained between explosive storage points and

other activities to provide a reasonable degree of safety in the event

7
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of an explosives accident. The probability that an accident will
actually occur 18 a factor that is generally not considered (Fliakas
1978: 11). This has resulted 1in extremely rigid standards that are
geared to keeping the worst imaginable losses to a minimum acceptable
level.

The basic methods that have been developed to insure safe storage
of munitions involve restrictions on the NEW that can be stored in any
one building and the wuse of large amounts of land to allow for
separation between buildings and clear areas around the entire munitions
storage area. In addition, only munitions that are compatible according
to standardized compatibility group criteria may be stored together 1in
any one location. The definitions and criteria for identifying hazard
classification, divisions, compatibility groups, and Q-D tables were
recently standardized in the United States by the adoption of the United

Nations system of classification of explosives.

The United Nations Classification System

In the past, different countries have set up their own criteria for
explosives safety based on subjective as well as empirical evaluation of
explosive hazards. This has sometimes resulted 1in confusion and
difficulty in the transport and storage of munitions from one country to
another. In recent years there has been a trend to develop
international agreement on standards for shipment and storage of
dangerous materials. Taking a lead in this area, the United Nations set
up an international group to develop standards that would be acceptable
world-wide. By 1977, the UN classification system had been adopted by

the United States, United Kingdom, and many of the NATO countries

8




(Lyman, 1978: 129). For the United States this involved relatively
minor changes in coding and terminology because the system previously in
use in this country converted almost directly to the UN system (AFR
127-100, 1978: 5-4).

Classes of Dangerous Goods. The system developed by the UN for

international use is designed to meet a wide range of military and
commercial requirements. It consists of the following nine classes of

dangerous goods (Adams, 1976:1574).

UN Class Description
1 Explosives
2 Compressed or liquified gasses
3 Inflammable liquids
4 Inflammable solids
5 Oxidizing substances
6 Poisonous (toxic) and infectious substances
7 Radioactive substances
8 Corrosives
9 Miscellaneous dangerous substances

Class 1, Explosives. Most of the conventional munitions used by
the armed forces are listed under Class 1, Explosives. Class 1l has been
subdivided into four divisions (l.1l, 1.2, 1.3, and l.4) which indicate
four different types of hazards. Class/division 1.2 1is further
subdivided 1into four categories that provide different hazard distances
for each category. The divisions, categories, and the type of hazards

asgsoclated with each are sumarized below (Lyman, 1978: 130).




Class/Division/Category Hazard

1.1 Mass detonation (blast) with
possible fragment threat.
1.2 (18) Non mass detonating with most fragments
1.2 (12) falling within the distance indicated,
1.2 (08) i.e., (18), (12), (08), and (04) indicate
1.2 (04) hazard distance of 1800, 1200, 800, and
400 feet respectively.
1.3 Mass fire.
1.4 Moderate fire-~-no significant hazard

Quantity-Distance Criteria. Quantity-distance (Q-D) Criteria is

based on a relationship between quantities of explosives from any
class/division/category that may be stored in a single storage point and
the separation distances required to provide a reasonable degree of
protection in the event that a certain amount of explosives were to
detonate (Fliakas, 1978: 11). The exact relationship between these
distances and the maximum net explosives weight (NEW) that can be stored
in any one building for each class of munition is specified in a series
of Q-D tables. These Q-D tables specify the Inhabited Building Distance
(IBD), Public Traffic Route Distance (PTR), Intermagazine Distance, and
Intraline Distance for the seven classes of munitions. The maximum
explosive weight that may be stored is limited by the most restrictive
condition from any one of the tables. The Q-D tables currently used by
the Air Force can be found in AFR 127-100, chapter 5, Principles and
Applications of Explosive Quantity-Distance Criteria and Related
Standards. These Q-D tables are briefly described below.

(1) The 1inhabited building distance (IBD) table defines the
minimum permissible distance allowed between a quantity of explosives

and any building inhabited by the public or where people are accustomed

10




to assemble, both within and outside of government establishments.

(2) The Public Traffic Route (PTR) Distance table prescribes the
minimum permissible distance between an explosives sgite and public
highways, railroad lines, or even navigable streams. It 1is
approximately 60X of the 1IBD because it 18 reasoned that traffic
receives only limited exposure as it passes by the explosives site.

(3) The Intraline Distance table specifies the distance to be
maintained between any two operating buildings, at least one of which is
designed to contain explosives.

(4) The Intermagazine Distance table defines the minimum
permissible distance between storage magazines, and is based primarily
on the type of magazine and the quantity of explosive involved.

(5) The Fragment Distance tables apply to specific explosive items
which generate hazardous fragments. This primarily describes class 1.2
items which have prescribed hazard distances of 400, 800, 1200, and 1800
feet.

Typical munitions storage buildings are often designed so that the
limitations imposed by the Q-D tables match the maximum allowable NEW
for the facility, i.e., a storage building containing l.1 munitions 1is
probably positioned to allow the maximum storage of 500,000 pounds NEW.
Variations in the tables occur, depending on whether the storage
facilities are standard or non-standard, earth covered or aboveground,
and barricaded or non-barricaded (AFR 127-100, 1978: 5-6 to 5-12).

Compatibility Groups. Ideal storage of munitions would probably
require each 1individual class or type of munition to be stored
separately. Since a limited storage availability usually prevents this

from occurring, other factors have been specified that permit various

11




types of munitions to be stored together providing they are considered

compatible. The basic factors that determine compatibility are (AFR

127-100:
(1)
(2)
(3)
(4)
(5
(6)
(7)
(8)

4-10):

Chemical and physical properties.

Design characteristics.

Inner and outer packaging configurations.
Q-D class/division.

Net explosive weight (NEW).

Rate of deterioration.

Sensitivity to initiation.

Effects of deflagration, explosion, or detonation.

Based on evaluation of these factors, ammunition and explosives are

assigned

to one of twelve storage compatibility groups (A through H, J,

K, L, and S). These groups are identified and defined below (AFR

127-100,

1978: 4-11).

Group A--Initiating Explosives. These are bulk initiating
explosives with the necessary sensitivity to heat, friction,

or

percussion that makes them suitable as initiating elements

in an explosive train.

Group B--Detonaters and Similar Initiating Devices. These
items contain initiating explosives and are designed to start
or continue the functioning of an explosive train.

Group C-=-Bulk Propellents, Propelling Charges, and Devices
Containing Propellent, With or Without Their Means of
Initiation. These items will deflagrate, explode, or detonate
upon initiation.

Group D--Black Powder, High Explosives (HE), and Ammunition
Containing HE Without Its Own Means of Initiation and Without
Propelling Charge. These are items such as bombs,
projectiles, or bulk TNT that can be expected to explode when
any given item or component thereof is initiated.

Group E--Ammunition Containing HE Without Its Own Means of
Initiation and With Propelling Charge. Examples are artillery

12
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ammunition, rockets, and guided missiles.

Group F--Ammunition Containing HE With 1Its Own Means of
Initiation and With or Without a Propelling Charge. Examples
are some hand and rifle grenades.

Group G--Fireworks, Illuminating, Incendiary, Smoke, or
Tear-Producing Munitions Other Than Those That Are
Water—-Activated, or Which Contain White Phosphorus, or
Flammable Liquid, or Gel. Examples are flares, signals,
incendiary, smoke, and tear-producing devices.

Group H--Ammunition Containing Both Explosives and White
Phosphorus or Other Pyrophoric Material. These munitions
contain items that are spontaneously flammable when exposed to
the atmosphere.

Group J=-Ammunition Containing Both Explosives and Flammable
Liquids or Gels. This group 1includes items such as
napalm-filled fire bombs.

Group K--Ammunition Containing Both Explogives and Toxic
Chemical Agents. These items contain chemicals designed to
produce severe incapacitating effects.

Group L--Ammunition Not Included in Other Compatibility
Groups. This group 1includes water-activated devices,
prepackaged hypergolic 1liquid-fueled rocket engines, and
damaged or suspect ammunition or explosives from other
groups. Items within Group L may not necessarily be stored
together.

Group S--Ammunition Presenting No Significant Hazard. These

are 1tems that are packaged or designed to confine hazardous

effects arising from accidental functioning within the

package.

In general, munitions from any given compatibility group are not to
be stored with any items from any other group; however, there are some
limited cases where the regulations permit combined storage; for

example, groups D and E may be stored together (AFR 127-100, 1978:

4-12)., This paper does not address these limited cases and, therefore,

it requires munitions from each compatibility group to be stored only

with other munitions that have an identical compatibility group.

13




L L el

R XA SN

oy A

- A

T

Munition Storage Facilities

Munitions storage facilities, commonly referred to as magazines,
are composed of virtually any type of structure that has been designated
as a storage point for explosive devices. Most of the magazines in use
today fall into two types~-igloo (earth-covered) and aboveground
(nonearth-covered) .

Igloo Magazines. The various types of standard igloos now in use
all have certain features in common (Wight, 1978: 243).

(1) A circular or oval arched roof made of steel reinforced
concrete to cover the stored contents.

(2) An earth covering to contain fragments (The covering serves to
effectively barricade three sides of the igloo).

(3) A concrete slab floor.

(4) Concrete head and side walls.

(5) A structural steel door.

(6) Dimensions of 24~27 feet wide, 40 to 80 feet long, and 12 to
16 feet high (There are a few in use with significantly different
dimensions).

Igloos are designed so that the force of an accidental explosion is
directed upward through the roof. This feature has earned the igloo a
reputation as a particularly safe type of storage facility.

The design also lends itself readily to providing good security
against theft or sabotage. For example, points of entry are few, the
door 1is easily secured and locked, and forced entry is time consuming
and requires special tools. These factors, when coupled with other
security measures such as fenced, lighted, and patrolled storage areas,

provide a high degree of security (Wight, 1978: 246).

14




Aboveground Magazines. Standard aboveground magazines are

generally of concrete and steel construction and come in a variety of
types and sizes. They range from multicubicle magazines composed of a
number of small storage compartments to large standard magazines. If
they are unbarricaded, the aboveground magazines require greater safety
distances than those required for the better protected igloos. In some
cases, special restrictions have been specified; for example, the
multicubicle buildings are restricted by an explosive weight 1limit of

425 pounds of mass detonating explosives (AFR 127-100, 1978: 4-10).

Principles of Storage

Great care must be taken to insure that the conditions for proper
and safe storage of explosives are not compromised. When the physical
and chemical properties of stored materials are neglected, ammunition
may begin to deteriorate rapidly or be exposed to the risk of fire or
explosion (Fliakas, 1978: 6). Air Force Technical Order 1lA-1-61-4,
Storage and Loading Instructions, provides some general rules for proper
storage. The following items serve to exemplify some of the guldelines
normally applied to munitions storage (TO 11A-1-61-4, 1976: 3-1, 3-3).

(1) Lots will not be mixed in storage, but only to the extent that
items of one lot will not be stacked on top of items from another lot (A
lot 1is a quantity of identical munitions manufactured during the same
production run or as otherwise labeled by the manufacturer).

(2) Stored munitions, or their containers will not contact a wall
of a magazine (this requirement 1is designed to insure that there is
adequate circulation of air around stored munitions).

(3) The stacking height limit of the specific item or type of

container will not be exceeded.
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(4) Palletized loads

(A) should not exceed 2,000 pounds unless required to do so by
specific technical data or by wailver.
(B) should not exceed 44 inches in length, 54 inches in width,
and 54 inches in height (there are many exceptions).
These principles have resulted in a number of standardized package
and pallet configurations for munitions items. This allows many
munition package sizes to be standardized quite easily in computerized

computations.
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III. The Munitions Storage Optimizing System

The methodology used to attack the problem of optimizing the
storage of munitions 1is an application of mixed integer 1linear
programming. Mixed integer programming allows both integer and
continuous variables to be included in the model. This permits munition
storage problems to vary the set of constraint equations that are used,
depending on the classes of explosives to be stored in each building.

The actual problem of munitions storage is addressed in this thesis
by the development of the Munitions Storage Optimization System
(MS0S). This system is used to construct the problem to be solved with
the LP/600 mixed integer linear programming package produced by
Honeywell Information Systems, Inc. The branch and bound method is a
general approach for optimization problems which aims to conduct an
intelligent search through all possible solutions, cutting out large
groups of possibilities early in the search. It depends on being able
to judge 1in advance which directions of search can be eliminated
(Nicholson, 1971: 138-141). One limitation to this method is that the
amount of computation time required to reach a solution increases
exponentially as the problem size gets larger. Thus, solutions to large
munitions optimization problems will require a great deal of computer
time. The remainder of this chapter will discuss the MSOS and develop

the mathematical model used to optimize munitions storage.

Munitions Storage Optimizing System

The Munitions Storage Optimizing System (MSOS) 18 designed to allow

17
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’ the user to combine information about the storage facilities to be used

and the munitions to be stored to generate the objective function and
’ constraints in proper format for input to the LP/600 linear programming
package. The MSOS allows the user to create and maintain three data
bases; the Standard Building Data Base (SBDB), the Munitions Storage
Area Data Base (MSADB), and the National Stock Number Data Base
(NSNDB). Data from each of these data bases is wused by the Format
Generator Program (LPGEN) to formulate the constraints and objective
function.

Standard Building Data Base. The Standard Building Data Base

(SBDB) contains information that describes different types of munitions
storage buildings. This means that buildings having identical :
dimensional and structural characteristics will be identified as the

same type. The following information must be entered into the data base

for each type of building.

(1) Type of building (any number from 1 - 99 as defined by the
user is acceptable).

(2) Type of roof (RND is used to identify arched buildings; Flt is
used to identify rectangular shaped buildings; other shapes must be

estimated using RND or FLT).

i (3) Length (inner length of the building in feet).

O e R S N R y

i (4) Width (inner width of the building in feet).

(5) Height (inner height of the building in feet).
(6) Side wall height (height of the straight part of the side
walls in feet--for igloo type magazines, 1f applicable).

(7) Radius (radius of the curved roof of igloo type buildings).

The SBDB is set up to request additional descriptive information

' 18




besides the items shown, however, the items above are the only ones used
in the current model. The SBDB needs to be constructed once for each
munition storage area. If new types of buildings are constructed it is
a simple process to modify the data base. Information from the SBDB 1is
used to generate the volume constraints for the model. The calculated
volumes are used in combination with the NEW constraints to calculate
building 1load coefficients to be used in the objective function.
Detailed information describing this data base is contained in appendix
A, User’s Manual.

Munition Storage Area Data Base. The Munition Storage Area Data

Base (MSADB) contains the maximum allowable net explosive weight (NEW)
for each class/category/division and the maximum gross weight that can
be stored in every storage building in the munitions storage area. The
maximum NEW for each class/cat/div must be calculated by the user based
on the Q-D tables in chapter five of AFR 127-100. The User’s Manual
provides a detailed description of this data base and also includes a
form that should be helpful in determining and arranging the data that
will be requested when creating records for the MSADB. Like the SBDB,
the MSADB needs to be created once and only needs to be modified as new
buildings are constructed, destroyed, or when the Q-D tables are
changed. The following information must be entered into this data base.

(1) Building number.

(2) Type (a number between 1 and 99 as defined in the SBDB).

(3) 1.1 NEW (the maximum NEW for class l.l authorized to be stored
in this building).

(4) 1.2/04 NEW (the maximum NEW for class 1.2, category 04

munitions authorized to be stored in this building).
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(5) 1.2/08 NEW (the maximum NEW for class 1.2, category 08
munitions authorized for storage in this building).

(6) 1.2/12 NEW (the maximum NEW for class 1.2, category 12
munitions authorized to be stored in this building).

(7) 1.2/18 NEW (the maximum NEW for class 1.2, category 18
munitions authorized to be stored in this building).

(8) 1.3 NEW (the maximum NEW for class 1.3 munitions that can be
stored in this building).

(9) 1.4 NEW (the maximum NEW for class 1.4 munitions that can be
stored in this building).

National Stock Number Data Base. Detailed information about

individual munition items is stored in the National Stock Number Data
Base (NSNDB). The following information must be entered into the NSNDB
for at 1least those munitions that will be examined using MSOS for
storage. Ideally, all the munitions identified in the 1300 and 1400
series Air Force Item Listings could be entered.

(1) Stock number (18 character National Stock Number).

(2) Package Height (munition package height in feet).

(3) Package width (munition package width in feet).

(4) Package length (munition package length in feet).

(5) Units per package (number of individual munitions in this
package).

(6) Compatibility group (compatibility group assigned to this
munition).

(7) Class/Division (munition class and division, t.e., 1l.1).

(8) cCategory (for 1.2 munitions; inputs are 04, 08, 12, and 18).

The wuser has the capability to add, delete, and modify records
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within the data base. Each stock number represents a particular
munition-package combination so it is possible for a given munition item
to be represented by several stock numbers. Once the correct data has
been loaded in the SBDB, MSADB, and NSNDB the user is ready to determine
the storage configuration of a given munitions inventory.

Format Generator Program. The Format Generator Program (LPGEN)

allows the user to enter the following information.

(1) Stock number of munition to be entered in inventory.

(2) Number of lots for munition identified in (l1). Values from 1
to 99 are valid.

(3) Number of packages for each lot.

(4) A percentage of useable volume can be entered for each
building 1in the munitions storage area or one value can be entered and
applied to all buildings.

Once this data has been entered, LPGEN then selects the appropriate
information from each of the three data bases described above and
generates the objective function and the constraints for entry into the
Honeywell LP/600 package. This program receives a comprehensive

discussion in the User’s Manual.

The MSOS Optimization Model

The formulation of the MSOS optimization model required the
creation of a complex system of computer programs to bring the
information from each of the data bases into the model. For example,
the set of constraints specifying the maximum NEW that can be stored in
each building can vary, depending on the most restrictive class of
munitions actually stored. Thus the optimizing model provides a

capability to vary the maximum NEW that may be stored in each building
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during the optimizing process. A technique was developed to provide for
the complex and changining constraints using the mixed integer mode of
the LP/600 package. The mathematical formulation of the model is
discussed later.

The development of the optimization model requires the
understanding of several terms critical to its mathematical
formulation. They are:

(1) Subgroup. Munitions from different classes may be stored
together providing they are from the same compatibility group. For a
given munitions inventory, each identified group may contain 0 to 7
different classes of munitions. Every storage building has a NEW limit
assigned for each of the seven classes and the limit actually used for a
particular building is the NEW limit assigned for the most restrictive
class of munition stored in the building. For example, an inventory of
group D munitions belonging to classes 1.1, 1.2/04, and 1.3 require
storage. The maximum NEW limits for a particular storage building are
defined for this example to be: 1.1--100,000 pounds, 1.2/04--250.000
pounds, and 1.3--500,000 pounds. Storage of any combination of these
munitions containing at least one 1.1 munition places the maximum NEW
storage limit for the building at 100,000 pounds. 1If only 1.2/04 and
1.3 items are to be stored, the limit is 250,000 pounds. Similarly, if
only 1.3 munitions are to be stored, the limit is 500,000 pounds. With
this background, the definition of subgroup is offered. A subgroup is
defined as a combination of munitions classes such that the first
subgroup of a compatibility group contains all classes of munitions to
be stored from that group; the next subgroup eliminates the most

restrictive class from the group. Subsequent subgroups continue this
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process until all seven classes have been eliminated. Thus for each
compatibility group, a maximum of seven subgroups may occur. Since
there are twelve compatibility groups, a maximum of 84 subgroups can
occur in the model.

(2) Useable Building Volume. LPGEN calculates the total inside
storage volume for each building and requests the user to enter a
subjective estimate of the percentage of this total volume considered
useable. This wuseable building volume 1is used both as the storage
volume constraint for each building and for calculating building load
coefficients.

(3) Building Load Coefficients. A building load coefficient is
composed of the building density divided by the munition density. The
building density 1is the subgroup NEW storage limit of the building
divided by the the useable building volume. The munition densit& is the
munition package NEW divided by the munition package volume. A
particular munition may be identified with more than one subgroup, and
therefore, be identified with the same building more than once. In each
case, however, the maximum NEW limit for the building may be different,
resulting 1in different building load coefficients being calculated for
the same munition.

(4) Storage Area Load Factor. The storage area load factor is the
factor that is maximized by the optimization process. It provides an
overall measure of the building 1load coefficients for the entire
munitions storage area. It is essentially a measure of how densely the
munitions inventory is 1loaded into the munitions storage area. The
density of the stored munitions is positively related to the storage

area load factor. This means that the larger the value of the storage
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area load factor, the more efficient the use of the munitions storage
area. The formulation of the objective function is such that 1if there
are munitions that are not stored because the NEW limit is reached or
the volume used up, they are assigned a negative coefficient. Thus
negative values of the objective function are possible.

Now that these terms have been explained, the actual mathematical

optimization model is presented.

Mathematical Formulation

For the specific case of examining optimization where the storage
area load factor 1is maximized, the problem is formulated as a mixed

integer linear programming model that is designed to:

Maximize the Storage Area Load Factor: OBJECTIVE =

P 3y > 5 3
c X + d y. + M =z
i=1 f=1 k=1 13k 13k 4Ty ) 3k T3k i1 1
Subject to:
n 1
+ =1 f =
Munition Constraints & k-lﬁjk zi 1 or i=l,m
(one for each munition/lot combination)
m 1
< -
Building Volume Constraints 1Z1 kglaijk xijk < VJ for j=1,n
(one for each building)
m 1
- =]
NEW Constraints 15-:1 kglbijk xijk Njk yJk £ 0 for j=1l,n
(one for each subgroup/building combination)
1
Special Set Constraints kZ1ka = ] for j=1,n

(one for each building)
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all x 20
1jk

all z 0
1 2

all = 0 1
yjk or

where:

The d, s defined above could be set up as a priority scheme with
priorities (weights) for assigning compatibility groups and classess
within the compatibility groups to storage buildings or to the overall

storage area. The Mi's could be used to establish a priority scheme to

“——‘-———-—-———-—-—-—.

a is the volume of munition i in subgroup k to be stored
13k in building j

b K is the NEW of package of munition i in subgroup k to
13 be stored in building }

ci X is the building j load coefficient of munition 1 in
3 subgroup k

d is a weight assigned to the subgroup k / building j

ik combination (initialized to zero for this model)

M, is a weight assigned to packages of munition 1

i that cannot be stored in the storage area (initialized

to ~1 for this model)

x1 K is the number of packages of munition i in subgroup k to
J& pe stored in building j

y K is the bivalent (0 or 1) special set variable assigned
i to the subgroup k / building j combination

z1 1s the left over variable assigned to munition 1

I1 is the number of packages in munition/lot combination 1

N. is the maximum NEW that can be stored in building j for
jk
subgroup k

Vj is the maximum useable volume of building j
1 1is the number of different subgroups in the inventory

m is the numb®r of munition/lot combinations

n 1is the number of buildings

Jk
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determine a rank order of munitions to be excluded from storage 1in the
event that the entire inventory cannot be stored inside the storage area
buildings. Neither of these priortiy schemes are addressed in this

paper.

Input Parameters

Formulation of the model has required certain input parameters to
be defined 1in an attempt to 1insure that inputs to the MSOS receive
standard treatment.

(1) Each munition/lot combination is entered to the program as a
separate munition.

(2) Each munition/lot combination is considered to be of equal
importance. This means that each munition receives no special treatment
in comparison to any other munition as it is evaluated with the MSOS.

(3) All classes of munitions within a given compatibility group
may be stored together. In cases where individual items require
separate storage, they should not be evaluated with MSOS. For example,
there are certain items from Groups K and L that require special
considerations for storage.

(4) No particular prioritization schedule for storage has been
established. The storage allocation decisions are an output of the
linear programming model.

(5) Munitions must have a packaged NEW of greater than or equal to
0.00005 pounds to be evaluated by this model. LPGEN excludes any
munition having a packaged NEW of 1less than 0.00005 because the
calculation for the munition density factor uses the package NEW in the
denominator and values less than 0.00005 are truncated to zero. This
parameter excludes a large number of inert items from Group S from
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consideration by the model.

(6) Individually stock numbered items are considered rather than
complete assembled items unless the assembled end item is assigned its
own stock number. For example, rocket warheads and rocket engines would
be evaluated separately unless the assembled warhead/engine combination
is identified by a single stock number.

(7) Each munition package is considered to be a rectangular box
for calculations of volume. Thus, even a round 1iron bomb must be
defined in terms of length, width, and height.

(8) Useable storage volume is a subjective 1input to the
MSADB. For this factor to be a reasonable approximation of a real world
situation, the following items are considered.

(A) Required aisle space.

(B) Placement of rectangular packages in arched buildings.
(C) Amount of clear space required around packages.

(D) Space required by dunnage.

(E) Allowable stacking height.

(F) Space for transient shipments or unserviceable items.

(9) Only conventional munitions are considered.

Limitations.

This study addresses the issue of storage from an abstract approach
that centers on the descriptions of the munitions and storage facilities
based on building load coefficients. It does not consider other aspects
that may be equally important in real world situations. For example,
storage may 1involve a sizeable threat from either theft or
sabotage. The computer solution could conceivably place a particularly

sensitive {item in a facility with limited protection, or simply place
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the entire stock of a munition in one location where risk of loss of the
entire inventory would be wunacceptable. It may be that the optimal
utilization of storage space as defined by the storage area load factors
could be less desirable than some other combination of safety and
reasonably effective storage. Thus, subjective evaluation of the
computer output is required.

Some of the more specific limitations to the model are identified

below.

! (1) Optimality. The definition of what constitutes "optimal"
| storage may vary, depending on local objectives. There are any number
of alternative maximization or minimization problems that could be
defined using an objective function and constraint equations that differ
from the ones used with MSOS. For example, a vast difference could
exist between optimizing an objective of storing the greatest amount of
munitions 1in a given storage area and a differing objective of
optimizing combat readiness in terms of transfer time from storage to a

weapons delivery system.

e v eem———

(2) Problem Size. The size of the problem matrix that can be used

with the LP/600 package is 1limited to 262,000 decision variables

(columns) and 4095 constraint equations (rows). Considering that the
variables in the problem increase by the product of possible munition

" and building combinations plus some additional variables and the large
number of constraints that are generated, it 1is easy to generate
problems that exceed the capacity of the LP/600 package. In actuality,
this 1s not that great of a limitation because many reasonably sized
base level problems may be examined.

(3) Priority for Storage. This model does not develop any type of
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priority scheme for storage. In the situation where there are more
munitions to be stored than there is indoor storage space it might be
desireable to have a systematic way to optimally determine which items
should be stored inside and which should be left over for outdoor or
alternate temporary storage.

(4) Useable Volume. The current model maximizes the storage area
load factor which is based in part on the useable volume as defined by
the user. Useable volume only subjectively addresses stack heights, lot
integrity, aisle space, and possibly other factors that may be critical
to actual storage layouts. One problem with this input for useable
volume is that it must be defined by the user and entered into the LPGEN
before the user knows what will be stored in each building. In reality,
the useable volume is dependent on the specific combination of munitions
to be stored in any given building. At best this input will be an
educated guess. Of course, sensitivity analysis based on varying the
useable volume input can yield a better understanding of the storage

interrelationships.

Scope

The present model is limited in scope to base level, single storage
area problems. It is essentially a heuristic approach that uses storage
load factors to suggest optimal storage of munitions. It does not
prescribe the actual placement and configuration of the items for
storage, however, the solution does allocate munitions to buildings and
satisfies the volume, NEW, and compatibility constraints.

This approach should be considered a tool for developing greater
insight 1in the overall problem of storing munitions. An area where it
might be particularly useful is 1in providing a type of sensitivity
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analysis to changes 1in the munitions storage "status quo" such as the

effects of waivers, changes in inventories, and changes to

or types of buildings to be used.
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IV. Model Verification

A series of tests are developed to verify whether MSOS actually
functions as intended. These tests are not an attempt to validate the
model for optimization of a real munitions storage problem. Real world
validation is left for a future effort.

The verification tests described in this chapter are based on a
hypothetical munitions storage area that 1is used to store various
combinations of hypothetical munitions. The munitions are defined to
represent a mix of compatibility groups, classes, and NEW. The values
are chosen 1in a deliberate attempt to ease the verification
process. The objective 1is to examine the actual results of MSOS for a
series of tests that progress from a simple one munition, one lot test
to combinations of up to eight munitions, eight 1lots, three
compatibility groups, and three classes.

The test data was stored in the SBDB, MSADB, and NSNDB. Each test
was then accomplished by entering the stocknumber, number of lots, and
number of packages for each lot using the LPGEN program. LPGEN then
generated the objective function and constraint equations and submitted
each problem to the LP/600 mixed integer linear program for

determination of the optimal solution.

Verification Test Data

The test data that was selected and entered into the SBDB, MSADB,
and NSNDB for the verification tests is listed below.

(1) The SBDB contains the description of one type of standard
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building.

Length Width Height Total Cube

10° 10° 10° 1000 cu ft
Although this standard building is not a typical storage building, its
total cube will permit easy examination of volume used in each test.

(2) The MSADB lists the NEW storage constraints in pounds for five
standard buildings that make up the munitions storage area. NEW
constraints for all seven classes was actually entered into the data
base, however, only the NEW constraints for the three classes wused in
the tests are shown below.

Maximum NEW Storage Constraints ;
Class/Division/Category ]

Bidg  _1.1 ~ 1.2/4 _1.3 ,
1 1000 1000 1000
2 100 500 600
3 1000 5000 6000
4 500 2500 3000 :
5 1000 1000 1000

(3) The NSNDB 1is composed of eight types of munitions which i

represent three compatibility groups and three classes.

Package Dimentions Package P
Munition 'Class/Group Height Length Width NEW 1‘
1 1.1 D 2 2° 2° 10 i
2 1.1 G 2° 2°¢ 2° 10 i
3 1.1 D 2° 2° 2° 01 )
4 1.3D 2 2° 2¢ 10 )
5 1.3 6 2° 2 2’ 10 }
6 1.3 6 2° 2’ 2° 0l L
7 1.2(04) C 2 2¢ 2¢ 01 %
8 1.2(04) C 2° 2° 2¢ 10

The values shown above are defined 80 that demonstrating
feasibility of the computed solutions 1s easy. Since each munition

package 1s eight cubic feet, 125 packages of any munition will equal the
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volume constraint for each building. The 1.1 NEW constraint for
building 2 can be equaled with 10 packages of munition 1 or with 100

packages of munition 3.

Verification Tests

A series of tests were accomplished to verify the performance of
the model. For each test, LPGEN was used to enter a munitions inventory
in terms of stock number, number of lots, and number of packages for
each lot. A wuseable volume of 100 percent was entered for each
building. LPGEN then extracted the required information from each of
the data bases and generated the objective function and constraints for
each test. It then submitted the problem to LP/600 for calculation of
the solution. The inputs and outputs for each test are listed in a
chart for each test. The results can be examined and compaired against
the information contained in the data bases as indicated above.

(1) Test-1 is a very basic one munition, one 1lot test of the
system. The problem generated by LPGEN contained 11 decision variables

and 16 constraints.

Munitions Inventory Input:

ID Stock Package
Number  Number Lot Quantity Class/Group NEW

1 1 1 100 1.1 D 10

MSOS Storage Allocation:

Building Quantity
ID Number 1 2 3 4 5 Leftover
1 100 0 0 0 0 0

Leftover Vol 200 1000 1000 1000 1000
Leftover NEW 0 All All All All




(2) Test-2 examines a simple case of one munition with three
lots. The problem generated by LPGEN contained 23 decision variable and

18 constraints.

Munitions Inventory Input:

ID Stock Package
Number Number Lot Quantity Class/Group NEW
1 3 1 100 1.1 D 01
2 3 2 100 1.1 D 01
3 3 3 225 1.1 D 01

MSOS Storage Allocation:

Building Quantity
ID Number 1 2 3 4 5 Leftover
1 100 0 0 0 0 0
2 0 0 0 50 50 0
3 25 0 125 0 0 0
Leftover Vol 0 1000 0 600 0

Leftover NEW 875 100 875 450 875

(3) Test-3 examines two munitions, two lots, two classes, and two

groups. This problem :.quired 22 decision variables and 22 constraints.

Munitions Inventory Input:

ID Stock Package
Number Number Lot Quantity Class/Group NEW
1 1 1 150 1.1 D 10
2 6 1 150 1.3 G 01
MSOS Storage Allocation:
Building Quantity
ID Number 1 2 3 4 5 Leftover
1 100 0 0 0 50 0
2 0 0 125 25 0 0

Leftover Vol 200 1000 0 800 600
Leftover NEW 0 All 5875 2975 500




(4) Test-4 examines two types of munitions, 5 lots, two classes, {
and one group. The inventory volume 1is larger than the available
storage volume. This test problem has 53 decision variables and 25

! constraints.

Munitions Inventory Input:

' ID Stock Package
Number  Number Lot Quantity Class/Group NEW
' 1 1 1 150 1.1 D 10
| 2 1 2 150 1.1 D 10
| 3 4 1 150 1.3 D 10
‘ 4 4 2 150 1.3 D 10
| 5 4 3 150 1.3 D 10 |
]
1
i MSOS Storage Allocation: ;
Building Quantity
| ID Number 1 2 3 4 5 Leftover
1 0 0 0 0 100 50
2 9 0 0 0 0 150 .
| 3 0 25 125 0 0 0
| 4 0 25 0 125 0 0
| 5 100 10 0 0 0 40
;
i Leftover Vol 200 520 0 0 200
| Leftover NEW 0 0 4750 1750 0
: (5) Test=5 examines four munitions, one lot each, two groups, and {5
| two classes per group. The problem for Test-5 consists of 54 decision }
g ' variables and 34 constraints. .
i
|
4 Munitions Inventory Input:
| 1
p i ID Stock Package I
i Number  Number Lot Quantity Class/Group NEW !
i
1 1 1 150 1.1 D 10
‘ 2 2 1 150 1.1 G 10 1
o 3 4 1 150 1.3 D 10 g
4 6 1 150 1.3 G 0l .
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MS0OS Storage Allocation:

Building Quantity
1D Number 1 2 3 4 5 Leftover
1 75 0 0 0 75 0
' 2 0 0 97.5 0 0 52.5
3 25 0 0 125 0 0
. 4 0 125 25 0 0 0
' Leftover Vol 200 0 20 0 400
Leftover NEW 0 475 0 1750 250

(6) Test-6 examines all eight munitions, three groups, and three

classes. This problem required 88 decision variables and
constraints.
Munitions Inventory Input:
Db Stock Package
Number Number Lot Quantity Class/Group NEW
1 1 1 20 1.1 D 10
2 2 1 20 1.1 G 10
3 3 1 20 1.1 D 01
4 4 1 20 1.1 D 10
5 5 1 20 1.1 G 10
6 6 1 20 1.3 G 01
7 7 1 20 1.2/04 C 01
8 8 1 20 1.2/04 C 10
MSOS Storage Allocation:
Building Quantity
ID Number 1 2 3 4 5 Leftover
1 20 0 0 0 0 0
2 0 0 0 0 20 0
3 20 0 0 0 0 0
4 20 0 0 0 0 0
5 0 0 20 0 0 0
6 0 0 20 0 0 0
7 0 0 0 20 0 0
8 0 0 0 20 0 0
Leftover Vol 520 1000 680 680 840
Leftover NEW 580 100 5780 2280 800
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Test Analysis and Discussion

A manual search was conducted for each of the six test cases to
determine if a better solution existed. In each case, the solution
computed using MSOS proved to be an optimal solution. 1In several cases,
identical results were obtained by switching some of the munitions from
one building to another. This implies that multiple optimal solutions
exist for some of the test cases. Overall, the MSOS functioned for
these tests as intended. The following observations summarize the
results of the six verification tests.

(1) Volume Constraints were met for each test case.

(2) Munition constraints worked properly. For each munition the
number of packages stored plus the number leftover was equal to the
number of packages input for inventory.

(3) NEW Subgroup Constraints functioned properly. In each case,
the NEW constraint used for each building was the constraint for the
most restrictive class of munition stored (Maximum NEW for storage was
arbitrarily assigned to each class for these tests).

(4) Special Set (SSET) constraints worked as intended. Only one
NEW constraint was wused for each building and only one compatibility
group was assigned to each building.

(5) Lot integrity was maintained where possible.

The user can take results such as shown for the test cases and
determine whether they are actually feasible for the particular storage
area in question. If alternate solutions are desired for examination,
changes can be made to inventory inputs or to the constraining
factors. One example is the situation where a highly pilferable item is

designated by the MSOS as leftover. A less pilferable 1item can be
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deleted from the inventory to be considered by MSOS and the optimizing

problem solved again.
The verification tests show that MSOS functions as intended. The
next step 1s to attempt to validate the model using a real munitions

storage area and a real munitions inventory. This validation 1is left

for future research on the model.
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V. Enhancements to the Model

The MSOS was designed with the intention that enhancements to the
model would be added at a later time. The present base level model can
be expanded to a theater wide or even an Air Force wide model. In
addition, several specific ideas were discussed as possibilities for
future enhancements either to this model or to new studies relating to
optimization of munitions storage. These ideas are briefly discussed as

suggestions for future research developments.

Sensitivity Analysis

An interactive program could be added to this present system that
would incorporate the LP/600 sensitivity analysis capabilities with the
MSOS. This provides the user with an increased ability to interpret the
effects of any changes to the constraints in the model. For example,
this would allow direct comparison of the effect a waiver to a NEW
constraint would have on the solution. Development of an interactive
program for this system would require someone with a computer
backgroud. In particular, the language used in LP/600 must be learned

in order for an interactive program to be designed for this system.

Other Objective Functions

Other aspects of munitions storage can be examined by introducing
other objective functions to the model. Some areas of study that may
result in the development of other objective functions are listed below.

(1) Minimization of explosives weight density in storage.

(2) Maximization of munitions dispersion for a war environment.

39

s i e e s S

i
i
!
i




oy

(3) Optimization for storage of additional inventory in partly

filled storage areas.

(4) Optimization of a storage method designed to provide a

systematic break-out and delivery of munitions from storage.

Prioritizing Munitions

LPGEN could be enhanced with the addition of a capability to
prioritize munitions for storage. This could involve some type of
identification of particularly sensitive or strategic 1items for
storage. The priority scheme might relate to 1indoor versus outdoor
storage or to items requiring very high security versus moderate
security. A scheme could also be developed to combine all the
components required for assembly of complete weapons systems in a joint

storage situation.

Munitions Handling Efficiency

Given the Q-D and class/category/group constraint, a system could
be developed to calculate layouts for munitions storage that will
minimize handling distance and handling time. A cost function could be
developed such that the cost for maintaining a given level of war
readiness or mobility requirements could be minimized. An article by J.
R. Berry, "Elements of Warehouse Layout" (Berry, 1968), describes a
general formulation of an approach that might be wuseful in the
development of this model.

A variation to this area might examine the actual floor space and
overall volume utilization of various palletized munitions with the
optimization problem considering the ease of placement and the efficient

use of storage space, Variables such as aisle width, pallet size, and
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alternate types of forklifts could be examined for their various effects
on the model. A paper by Joseph J. Moder and Herbert Thorton,
"Quantitative Analysis of the Factors Affecting Floor Space Utilization
of Palletized Cargo" (Moder and Thorton, 1965), presents a general
formulation of this type of problem and could probably be adapted for

. the special conditions involved in storing munitions.

Storage Facility Design

Another possible study could investigate the cost-benefits of
alternate low cost storage facilitles. Pre-engineered or pre-fabricated
structures could be examined for optimal storage with emphasis on class
1.1 explosives. It may be feasible to develop an optimization routine
for low-cost inside storage for combat areas such that the safety

constraints are not excessively compromised.
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VI. Summary, Conclusions, and Recommendations

One of the major problems at many Air Force installations is the
storage of large quantities of munitions. The storage process 1is made
extremel& complex by the many parameters and constraints that have been
adopted to insure that the risk to people, facilities and equipment 1is
limited to some acceptable level in the event of an actual mishap
involving explosive materials. Most of the rules on storage have been
developed to minimize the grave consequences of a munitions accident
should it actually occur, with little consideration being given to the
probability of an explosive accident. The constraints that go into the
storage of munitions are driven primarily by the explosive
quantity-distance (Q-D) criteria and the compatibility rules for
storage. The many restrictions, coupled with a drive for inside-only
storage present complex problems for munitions managers to solve.

The development of the Munitions Storage Optimization System (MSOS)
is an initial attempt to quantify the complex munitions storage problem
and to address it using the power of the computer. The MSOS should be
considered primarily as a tool for munitions managers to use in gaining
insight 1into the complexities of the munitions storage process and as a
means to examine possible results or consequences of making changes to
any of the parameters (such as wuseable volume, NEW constraints, or
variations in inventory) that go into the problem.

The MSOS, while potentially wuseful in its present form, is
basically a first effort to incorporate all the groups and classes of
munitions into a single model that can be applied to any type of storage

area. The model presently maximizes an objective function of storage
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area load factors. The storage area load factors are based on building
load coefficients that are calculated by dividing the building density
by the munition densitiy for the various combinations of NEW storage
limits and munitions that might be assigned to each building. The
possibilities for enhancing this model in various ways and for examining
the problem from the viewpoint of alternative objective functions or
other constraint combinations are without limit.

The completion of this research resulted in the accomplishment of
three of the basic objectives outlined in the Introduction to this paper
and partial completion of the fourth objective.

(1) A general approach was demonstrated for the application of
mixed integer linear programming to the problem of optimizing munitions
storage.

(2) A working model was invented that will enable munitions
managers to examine possibe solutions for improved or more efficient
storage of munitions.

(3) The program was developed in such a way that a user, with only
a limited knowledge of the LP method, can simply follow a programmed
prompting technique to input the required munitions and storage area
data to the MSOS; the LPGEN program then creates the constraints and the
objective function, then routes the problem to the LP/600 optimization
package for generation of a solution.

(4) One measure of storage efficlency, the storage area load
factor, was examined. Some of the other possibilities are mentioned in
Chapter IV, Model Enhancements, and are left for future studies to

explore.
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It is recommended that future reasearch be sponsored for
development of variations and enhancements to this present model. Using
the MSOS as a starting point, there are any number of alternative

analyses that can be undertaken.
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Glossary

Building Density Factor - The building density factor is the building
net explosive weight (NEW) capacity for a given class divided by the
building volume.

Building Load Coefficient - The building load coeffieient is equal to
the building density divided by the munition density for a specified
subgroup.

Munition Density Factor - The munition density factor 1is the net
explosive weight of the munition package divided by the munition package
volume.

Net Explosive Weight (NEW) - The NEW is the total quantity, expressed in
pounds of explosive materials or high explosives equivalency, that can
be stored in a building or that is obtained in a munition package.

Special Set - The special set is a feature of the LP/600 package that
allows the user to exclude constraints, or use only one of a set of
constraints.

Special Set Variable - A special set variable is a bivalent variable
having a value of 0 or 1. These variables are wused to exclude all
constraints except for one in a given set.

Storage Area Load Factor - The storage area load factor is the value
assigned to a particular storage arrangement of a wmunitions
inventory. Large values indicate a dense arrangement. This is the
factor to be maximized by the mixed integer linear programming package.

Subgroup - A subgroup 1is a set of classes belonging to the same
compatibility group whose associated building NEW for a particular
building is less than or equal to that building’s associated NEW for any
class in the group.
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I. Introduction

The Munition Storage Optimizing System (MSOS) provides the munitions
manager with a means of determining an optimal allocation of a given
munitions inventory to existing munition storage assets. MSOS allows
the user to create and maintain the Standard Building Data Base, the
Munition Storage Area Data Base, and the National Stock Number Data Base
using utility programs. Once these data bases have been properly
created, the user can use MSOS to determine the optimal allocation for
storing an inventory of munitions in a given munition storage area,
given a set of limiting conditions. The optimizing technique used 1is a
mixed integer linear programming package produced by Honeywell
Information System, Inc., and is called the LP/600 package.

The formulation of the MSOS optimization model required the
creation of a complex system of computer programs to bring the
information from each of the data bases into the model. For example,
the set of constraints specifying the maximum NEW that can be stored in
each building can vary, depending on the most restrictive class of
munitions actually stored. Thus the optimizing model provides a
capability to vary the maximum NEW that may be stored in each building
during the 6ptimizing process. A technique was developed to provide for
the complex and changining constraints using the mixed integer mode of
the LP/600 package. The mathematical formulation of the model is
discussed later.

The development of the optimization model requires the
understanding of several terms critical to its mathematical

formulation. They are:




(1) Subgroup. Munitions from different classes may be stored
together providing they are from the same compatibility group. For a
given munitions inventory, each identified group may contain 0 to 7
different classes of munitions. Every storage building has a NEW limit
assigned for each of the seven classes and the limit actually used for a
particular building is the NEW limit assigned for the most restrictive
class of munition stored in the building. For example, an inventory of
group D munitions belonging to classes 1.1, 1.2/04, and 1.3 require
storage. The maximum NEW limits for a particular storage building are
defined for this example to be: 1.1--100,000 pounds, 1.2/04--250.000
pounds, and 1.3--500,000 pounds. Storage of any combination of these
munitions containing at least one l.]1 munition places the maximum NEW
storage limit for the building at 100,000 pounds. If only 1.2/04 and
1.3 items are to be stored, the limit is 250,000 pounds. Similarly, if
only 1.3 munitions are to be stored, the limit is 500,000 pounds. With
this background, the definition of subgroup is offered. A subgroup is
defined as a combination of munitions classes such that the first
subgroup of a compatibility group contains all classes of munitions to
be stored from that group; the next subgroup eliminates the most
restrictive class from the group. Subsequent subgroups continue this
process until all seven classes have been eliminated. Thus for each
compatibility group, a maximum of seven subgroups may occur. Since
there are twelve compatibility groups, a maximum of 84 subgroups can
occur in the model.

(2) Useable Building Volume. LPGEN calculates the total 1inside
storage volume for each building and requests thg user to enter a

subjective estimate of the percentage of this total volume considered
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useable. This useable building volume 1is used both as the storage
volume constraint for each building and for calculating building load
coefficients.

‘ (3) Building Load Coefficients. A building 1load coefficient is
| composed of the building density divided by the munition density. The
building density is the subgroup NEW storage limit of the building
divided by the the useable building volume. The munition density is the

munition package NEW divided by the munition package volume. A

particular munition may be identified with more than one subgroup, and

therefore, be identified with the same building more than once. In each

case, however, the maximum NEW limit for the building may be different,

resulting in different building load coefficients being calculated for

the same munition.

(4) Storage Area Load Factor. The storage area load factor is the

e fr——— s e i e e -

factor that is maximized by the optimization process. It provides an

. overall measure of the building load coefficients for the entire 5
munitions storage area. It 1g essentially a measure of how densely the
munitions inventory is loaded into the munitions storage area. The
density of the stored munitions is positively related to the storage
area load factor. This means that the larger the value of the storage

area load factor, the more efficient the use of the munitions storage
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L, area. The formulation of the objective function is such that if there
are munitions that are not stored because the NEW limit is reached or
the volume used up, they are assigned a negative coefficient. Thus
negative values of the objective function are possible.

i Now that these terms have been explained, the actual mathematical

optimization model is presented.




Mathematical Formulation

For the specific case of examining optimization where the storage
area load factor 1s maximized, the problem is formulated as a mixed
integer linear programming model that is designed to:

' Maximize the Storage Area Load Factor: OBJECTIVE =

' $ 3y 5y 5
c X + d y. + M 2
‘ SRS IS LI SIS L
Subject to:
> n 1
Munition Constraints j; kZ:_lxijk+ zy = Ii for i=1,m
(one for each munition/lot combination)
m 1
Building Volume Constraints Z Z a4k X4 5k < Vj for j=l,n
i=1 k=1

(one for each building)

m 1
NEW Constraints igl kz,lbijk xijk -Njk yjk S 0 for j=l,n
(one for each subgroup/building combination)

1
Special Set Constraints E: y =1 for j=1l,n
= 3k
(one for each building)
11 >
a xijk 20
11 0
a zi 2
K all yjk = 0 or 1
where:
. aijk is the volume of munition i in subgroup k to be stored

in building j

b1 K is the NEW of package of munition i in subgroup k to
3 be stored in building j

c1Jk is the building j load coefficient of munition 1 in
subgroup k

d K is a weight assigned to the subgroup k / building J
] combination (initialized to zero for this model)
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M is a weight assigned to packages of munition 1
that cannot be stored in the storage area (initialized
to -1 for this model)

x1Jk is the number of packages of munition i in subgroup k to
be stored in building j
yjk is the bivalent (0 or 1) special set variable assigned
to the subgroup k / building j combination
z, is the left over variable assigned to munition i

Ii is the number of packages in munition/lot combination i

Njkis the maximum NEW that can be stored in building j for
subgroup k

Yj is the maximum useable volume of building j

1 1is the number of different subgroups in the inventory

m 1is the number of munition/lot combinations

n 1is the number of buildings

The djk's defined above could he set up as a priority scheme with

priorities (weights) for assigning compatibility groups and classess
within the compatibility groups to storage buildings or to the overall
storage area. The Mi's could be used to establish a priority scheme to
determine a rank order of munitions to be excluded from storage in the
event that the entire inventory cannot be stored inside the storage area
buildings. Neither of these priortiy schemes are addressed in this
paper.

Standard Building Data Base

The Standard Building Data Base (SBDB) contains information that
describes different types of munitions storage buildings. This 1{implies
that buildings having identical dimensional and structural
characteristics will be identified as the same type. Once the buildings
have been grouped into these different types, the user only needs to

enter the requested information for each type of building into the




SBDB. The SBDB needs to be constructed only once for each munition

storage area and can be modified whenever new types of buildings are
built. See chapter two, Standard Building Data Base, for complete
information on maintaining the SBDB. After constructing the SBDB the
ugser needs to define specific information concerning the individual
buildings.

Munition Storage Area Data Base

The Munition Storage Area Data Base contains the maximum allowable
net explosive weight (NEW) for each class and maximum gross weight for
every storage building in the munition storage area. The NEW for each
class 1is calculated for each building based on the rules established in
chapter four, Storage and Compatibility Standards, and chapter five,
Principle and Application of Explosives Quantity-Distance Criteria and
Related Standards, of Air Force Regulation 127-100. The user will have
to determine these weights prior to creating the Munition Storage Area
Data Base (MSADB). The data form in Appendix C of this user’s manual
should be very helpful in arranging the data that will be requested when
creating a MSADB record. A file containing a completed data form of the
type given in Appendix E for every storage building in the munition
storage area should be established for future reference. Like the SBDB,
the MSADB needs to be created only once and can be modified as buildings
are constructed or destroyed. See chapter three, Munition Storage Area
Data Base, for more details. HNow that the munition storage area has
been accounted for, detailed information about the munitions to be
stored is needed.

National Stock Number Data Base

The munition National Stock Number Data Base (NSNDB) should contain
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all of the 1300 and 1400 series stock numbers. As a minimum, it must
have all the national stock numbers of the munitions that will be in the
user’s inventory. The MSOS provides the user the capabilities to add,
delete, and modify records in the NSNDB. See chapter four, National
Stock Number Data Base, for futher details. Once the correct data is
present in the SBDB, MSADB, and NSNDB, the user is ready to formulate
the problem, using the model described above to determine how to store a
given inventory.

Format Generator Program

The Format Generator Program (LPGEN) allows the user to enter the
stock number, number of lots, and number of packages for each munition
in the inventory. Then LPGEN selects appropriate information from the
data bases described above and generates data in the correct format for
input into the LP/600 optimizing package. Detailed information is found
in chapter five, Data Generator Program.

The MSOS is designed to operate on the Honmeywell 600 or 6000 series
computer systems. Specific information concerning the Honeywell
optimizing package (LP/600) can be found in Honeywell manuals:

(1) BP50 - Introduction to LP600 Linear Programming System

(2) BQOl - LP600 System Input File Preparation Reference Manual

(3) BQl9 - LP600 System Agenda Control Language Reference Manual

(4) BQ20 ~ LP600 System Matrix Generator Language Reference Manual

(5) BQ21 - LPA00 System Format Generator Language Reference Manual

(6) BQ22 - LP600 System Output Descriptions Reference Manual

(7) DA87 - LP600 System Linear Programming Demonstration Guide

(8) DA88 - LP600 System Mixed Integer Program Reference Manual

The wuser is assumed to have a basic knowledge of the Honeywell Time
Sharing System (TSS), but just to clarify some shady areas the following

"a"  whenever 1t

information is given. The computer will display an
needs information from the user. The user should read each question
carefully before responding. If the user should enter a '"character"
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when a "digit" is requested, a read error will result. To correct this,

just enter the appropriate value and processing will continue. The term
"digit" means any number between 0 and 9. The term "character" refers
to letters "A" to "2" and numbers O to 9. Consult the Customer Service
Section of the computer center for instruction in the use of TSS. Check
with the computer software shop to determine if LP/600 is available on
your system. The software shop shop will also have the appropriate file

identification (userid/catalog file string) of the four programs the

user will need.




IT. Standard Building Data Base

The Standard Building Data Base (SBDB) is designed to contain the
dimensional data about munition storage buildings. Most munition
storage areas are composed of many buildings that are identical or can
be grouped into types of identical buildings. Certain information about
buildings in the munition storage area may be reduced to specific
information about each TYPE of building in a storage area and stored in
the SBDB. A TYPE of building is defined as a unique design of a
building with specific dimensions. Therefore, if two buildings have the
same unique design, but different dimensions, they will be of different
types. The SBDB has to be created only once and updated as new types of
buildings are constructed. It should be pointed out here, that the SBDB
will probably be unique for every operational storage area. The reason
for this 1is that certain storage buildings may be identical in one
storage area, but at another base this type of building may mnot
exist. Data contained in the SBDB is used by the Format Generator
Program (LPGEN) in creating data to be submitted to the optimizing
technique (LP/600). This data base is maintained by the Standard
Building Data Base Utility Program (SBDBUP). Appendix A-3 gives a brief
look at the available options of SBDBUP.

After logging on and receiving a '"SYSTEM ?" message from the
computer, the user can engage SBDBUP by entering the userid/catalog file
string of SBDBUP and depressing the RETURN key. If the file SBDB exists
and no other errors are encountered, the computer will display

WELCOME TO THE STANDARD BUILDING DATA BASE

R S
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ENTER THE ONE DIGIT TRANSACTION YOU DESIRE
At this point the user has six options.
(1) Press the RETURN key or enter a character other than 1 thru 5 - the
computer will then list the valid options (see part 1.A. of Appendix D).
(2) Enter a "1" to add a record - the computer will then display
ENTER THE TWO DIGIT BUILDING TYPE OF RECORD TO BE ADDED
The wuser now enters the building TYPE of the new record; it must be a
value between 1 and 99. Once it is created, the only way to change the
value of TYPE 1is to delete the record and add a new record with the
desired value for TYPE. If the TYPE entered by the user already exists
in the data base a message 1is displayed noting this fact and the
computer returns the user to the option level. If the TYPE entered by
the user does not exist in the data base, the computer responds by
requesting information about this type of building and displays the
format needed. Values that must be entered are:
(A) ROOF - enter "RND" for round or igloo type buildings or "FLT"
for regular non-igloo type buildings;
(B) LENGTH - enter the inner length (in feet) of the building;
(C) WIDTH =~ enter the inner width (in feet) of the building;
(D) SIDE WALL HEIGHT - the height of the straight part of the side
walls (in feet), see Appendix B; and
(E) RADIUS - used only for igloo type buildings and must be the
radius (in feet) of the curvature of the roof (see Appendix B).
While the remaining items for which information is requested are not
currently being used, they may be used in later variations of the
MS0S. Therefore, 1f the user knows the information, it should be

entered now. Once the user has answered all the questions for the
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new record, the computer displays the new record and returns the
user to the option level (see part l.B. of Appendix D).

(3) Enter a "2" to change the value of one or more items of a
particular record - the computer will display

ENTER THE TWO DIGIT BUILDING TYPE OF RECORD TO BE CHANGED
The user now enters the building TYPE value of the record. If the
record does not exist, the computer will display a message stating this
fact and returns the user to the option level. If the record is
contained in SBDB, the computer requests the item number to be changed
for this record. If the user does not know the appropriate item number,
pressing the RETURN key will cause the computer to display all valid
item numbers. Once the items for a particular record have been updated,
the user must enter a "14" to terminate the transactions for this
record. The computer will display the changed record and return the
user to the option level (see part 1.C. of Appendix D).
(4) Enter a "3" to delete a record - the computer will display

ENTER THE TWO DIGIT BUILDING TYPE OF RECORD TO BE DELETED
The user now enters the building TYPE value of the record to be
deleted. If the record 1is contained in SBDB, the computer displays a
message stating that the record has been deleted. If the record does
not exist in the data base, the computer displays a message stating this
fact. In either case the computer returns the user to the option level
(see part 1.D. of Appendix D).
(5) Enter a "4" to display a record - the computer will display

ENTER THE TWO DIGIT BUILDING TYPE OF RECORD TO BE DISPLAYED
The user now enters the building TYPE value of the desired record. If

the record does not exist in SBDB, the computer displays a message
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stating this and returns the user to the option level. If the record is
present, the computer displays the record and returns the wuser to the
option level (see part l.E. of Appendix D).

(6) Enter a "5" to terminate this session with SBDBUP - the computer
will display a summary of transactions performed and the current number

of records in SBDB (see part 1.F., of Appendix D).
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ITI. Munition Storage Area Data Base

The Munition Storage Area Data Base (MSADB) contains information
about the maximum allowable net explosive weight (NEW) for each class of
munition that can be housed in each building belonging to the munition
storage area. Each building record in the MSADB is identified as a type
of building that 1is defined in the Standard Building Data Base
(SBDB). The Format Generator Program (LPGEN) retrieves the data it
needs in generating the information needed for the LP/600 optimizing
package. The buildings have to be  added to the MSADB only
once. Thereafter, only new building records must be added or existing
records changed or deleted. The Munition Storage Area Data Base Utility
Program (MSADBUP) is used to maintain this data base. Appendix A-4
gives a brief look at the available options for MSADBUP.

After 1logging on and receiving a "SYSTEM ?" message from the
computer, the user can engage MSADBUP by entering the userid/catalog
file string of MSADBUP and hitting the RETURN key. If the file MSADB
exists and no other errors are encountered, the computer will display

WELCOME TO THE MUNITION STORAGE AREA DATA BASE

ENTER THE ONE DIGIT TRANSACTION YOU DESIRE
At this point the user has six options.
(1) Press the RETURN key or enter a character other than 1 thru 5 - the
computer will then list the valid options (see part 2.A. of Appendix D).
(2) Enter a "1" to add a record - the computer will display

ENTER THE 6 CHARACTER BUILDING NUMBER OF RECORD TO BE ADDED

The user now enters the building number to be added; any alphanumeric

13
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string of six or less characters is valid. Once this record is added,
the building number cannot be changed, only deleted and a new record
added, having the correct building number. If the building number
already exists the computer displays a message noting this fact and
returns the wuser to the option level. If the building number does not
exist in the data base, the computer responds by requesting information
about the building and displays the format needed. Values that must be
entered are:
(A) TYPE = a value between 1 and 99 that corresponds with the
building type located in SBDB, unmatched TYPE will cause an error in
LPGEN;
(B) 1.1 NEW - the maximum NEW for class 1.l munitions that can be
stored in this building;
(C) 1.2/04 NEW - the maximum NEW for class 1.2, category 04
munitions that can be stored in this building;
(D) 1.2/08 NEW - the maximum NEW for class 1.2, category 08
munitions that can be stored in this building;
(E) 1.2/12 NEW - the maximum NEW for class 1.2, category 12
munitions that can be stored in this building;
(F) 1.2/18 NEW - the maximum NEW for class 1.2, category 18
munitions that can be stored in this building;
(G) 1.3 NEW ~ the maximum NEW for class 1.3 munitions that can be
stored in this building; and
(H) 1.4 NEW -~ the maximum NEW for class l.4 munitions that can be
stored in this building.
Once the user has entered all data for this new record, the computer

will display the new record and return the user to the option level (see

14




part 2.B. of Appendix D).
(3) Enter a "2" to change the value of one or more items
particular building’s record - the computer will display

ENTER THE 6 CHARACTER BUILDING NUMBER OF RECORD TO BE CHANGED
The user enters the building number of record to be changed. If the
record does not exist the computer displays a message stating this fact
and returns the user to the option level. If the record exists, the
computer will request the item number to be changed for this record. If
the user does not know the appropriate item number, pressing the RETURN
key will cause the computer to display all valid item numbers. Once the
item values for a particular record have been updated, the user must
enter a "11" to terminate the transaction for this record. The computer
will display the changed record and return the user to the option level
(see part 2.C. of Appendix D).
(4) Enter a "3" to delete a record - the computer will display

ENTER THE 6 CHARACTER BUILDING NUMBER OF RECORD TO BE DELETED
The user now enters the building number of the record to be deleted. If
the record exists in MSADB, the computer displays a message stating that
the record has been deleted. If the record is not contained in the data
base, the computer displays a message stating this fact. In either
case, the computer returns the user to the option level (see part 2.D.

of Appendix D).

(5) Enter a "4" to display a record - the computer displays a message

ENTER THE 6 CHARACTER BUILDING NUMBER OF RECORD TO BE DISPLAYED
The user now enters the building number of the desired record. If the
record does not exist in MSADB, the computer displays a message stating

this fact and returns the user to option 1level. If the record is
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present, the computer displays the record and returns the user to the
option level (see part 2.E. of Appendix D).

(6) Enter a "5" to terminate this session with MSADB - the computer
will display a summary of transactions performed and the current number

of records in MSADB (see part 2.F. of Appendix D).
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IV. National Stock Number Data Base

The National Stock Number Data Base (NSNDB) contains pertinent
information about munitions and their packaging. Each stock number
represents a particular munition packaged in a unique way. The same
munition may be identified by several stock numbers, the only difference
being in the way the munition is packaged. The Format Generator Program
(LPGEN) wuses this file in generating information about the munition
inventory for input into the Honyewell LP/600 optimizing package. The
munition records need to be entered only once. Thereafter, only new
munition records need to be added to NSNDB or existing records updated
or deleted. The National Stock Number Utility Program (NSNDBUP) 1is used
to maintain this data base. Appendix A-5 gives a brief look at the
available options for NSNDBUP.

After logging on and receiving the "SYSTEM ?" message from the
computer the user can engage NSNDUP by entering the userid/catalog file
string of NSNDBUP and pressing the RETURN key. If the file NSNDB exists
and no other errors are encountered, the computer will display

WELCOME TO THE MUNITONS STORAGE DATA BASE

ENTER THE ONE DIGIT TRANSACTION YOU DESIRE
At this point the user has six options.
(1) Press the RETURN key or enter a character other than 1 thru 5 - the
computer will then list the valid options (see part 3.A. of appendix D).
(2) Enter a "1" to add a record - the computer will display

ENTER THE 18 CHARACTER STOCK NUMBER OF RECORD TO BE ADDED

The user now enters the stock number, consisting of up to 18 characters,

17

i e e




b, e b a

to be added. Once this record is added, the stock number cannot be
changed, only deleted. If the stock number entered already exists, the
computer displays a message to this effect and returns the user to the
option level. If the stock number is not in NSNDB, the computer

. responds by requesting information about the munition and displays the

input format needed. The mandatory values that must be entered are:

, (A) PACKAGE HEIGHT - the height (in feet) of the munition package;
(B) PACKAGE WIDTH - the width (in feet) of the munition package;
(C) PACKAGE LENGTH -~ the length (in feet) of the munition package;
(D) UNITS PER PACKAGE -~ the number of individual munitions in this
package;

(E) NEW EXPLOSIVE WEIGHT - the NEW in pounds of the munition
package;

(F) COMPATIBILITY GROUP - the munition compatibility group;

(G) CLASS/DIVISION - the munition class and division information;

: (H) CATEGORY - used only for class 1.2 munitions and 1is the
restrictive distance code, valid values are 04, 08, 12, 18 (these
values represent the distance in hundreds of feet that this munition
can be stored from a hazard or obstacle).

The other information should be entered if it is known, but is not

. currently used by LPGEN. Once the user has entered all requested data

for this new record, the computer will display the new record and return
the user to the option level (see part 3.B. of Appendix D).
(3) Enter a "2" to change the value of one or more items of a
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